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--. - . REMARKS -— - - — 

This amendmetit is responsive to the Official Action dated Matx;h 27, 2004. 
Claim.s 45-72 were pending in the application. ' ~ ' 

No claims were allowed, - ----^ 

No changes are made to the claims. ^ ^ — . 

Accordingly, claims 45-72 are cun^ntly pending in the application. 

By way of this amendmentrthe Applicant has amended the first paragraph of the 

Specification (Cfbss-reference to Related Applications) to update the claims of priority to 
eariier fjJed applicatiotis. 

Brief Discussion of the Invention: 

The claimed inventions in this application address a problem that can occur in the 
packaging of VCSELs and other surface normal optoelectronic devices and that has not been 
addressed in the prior art. One of the major advantages of VCSELs as lasers i.s the fact that 
they can be tested and characterized on-wafer to determine their suitability for packaging. - 
This can be a great cost advantage. — » . , - >, r .- .: - 

Unfortunately, some packaging procedures, such as solid material encapsulation, 
change the device characteristics of typical VCSELs. making it difficult to predict the 
perfoimance of packaged devices as compared to the on-wafer performance. The term 
encapsulation as used within the present specification is intended to tnean a solid, optically 
transmissive cnc^sulation materialOiat is molded over the VCSEL device and that surrounds 
the VCSEL_device, imbedding the VCSEL device within the encapsulation material. The 
encapsulation material is in physical contact with the VCSEL device. The changes in the 
device characteristics that occur when encapsulated.-occur as a result of the interface between 
the surface of the VCSEL and the surface of the encapsulation material ratherthan- air. ■ : ■ 

Continuing with the noted Umitation that the device is encap.su lated, a qucstibn thtn " ' 
tiriscs. Can-the devices be fabricated in such away as to tmake the on-wafer peffotWianb^th J- 
same as the packaged (encapsuIatedXp?rfoTmance? 'This' application presents a-totailj non- 
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* ,obvioii$ affirmative answer to that question. Surprisingly, the deposition ofapre-calculated^ 
thickness ofjusi one extra layer of optically transparent TnateriaU-atop the VCSEhcan adjust 
- the refleciivity of the top VCSELmirrory so as to make the on-wafer perfonnance the same as 
the packaged performance. , 



Objection to Drawing Figures: 

The Examiner has objected to the dfawings, and has requested new drawing figures. 

Applicant will submit new FORMAL drawings -upon the indication of allowable 
subject matter. 

Applicant's previous arguments with respect to claims 45-72 were considered but are 
moot in view of the NEW grounds of rejection. " ' ■ ' - * — 

However, the majority of those arguments are still relevant and applicable to a 
discussion of ihe newly cited reference (Davis). Tliose previous arguments are incorporated 
herein by reference. The previous arguments are also repeated in the attached addendum. 



Claim Rejections under 35 USC §103 (Davis^: 

Claims 45-72 were rejected under 35 USC §103 as being unpatentable over Davis et al 
USP 6069905. ^ — 

The Applicant submits that the cited Davis et al. patent (US patent 6,069..905) has no- 
.bearing at all on die present application for two principal reasons: 

" a) the implementations of the inventions in the cited patent and in the present 
application are completely different, and "■ -- 

- b) the purpose and/or function of iSe inventions in the cited patent and in the present 

application are completely different. E;tplanations follow. - 

Re (a). - The first principal invention in this application is the medium-matching 
layer. It is deposited directly onto the top surface of an active optical device (the top emitting 
- .surface of the top mirror, in the ca.-5e of a VCSEL). This deposition is done when the dc^dces 
are still in ^«^^orm^soTH^ typicailyjo thousands of devices "si raultaneouVly, prior to 
testing and characteiiraticfn and £ng before the devices S^e-fic^^^^CartJ packaged, 
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S and.encapsulated. In Dav][set al. (US patent 6,069,905)raccording to its Figure (3), the layer, 
""37ris"clcpbsited ontolhe tilted window, 37, of a can package, 34, and not onto the device 
(VCSEL), 1.0, Also, .the inventions in DaviS et al (US patent 6,069,905) are all packaging - 
issues done with one VCSEU at a time. Another important point needs to be made at this _ 
. point. When we speak of encapsulation, in this applica tion, we do not mean packaging. 
Encapsulation- is^one particular step in packaging. In the Figure (3) in Davis etal. (US 
potent 6,069,905), if encapsulation was to be done, it would involve fdling the region (or 
. void), between the devices (10&14) and the can package, 34 (with its tilted window, 37), with 
som^ material, whose index of refraction is substantially greater than I, other than air, - • » 
vacuum, or any gas, whose indices of refraction are approximately equal to L One possible 
- -^^reasonfor encapsulation is hermetic sealing, with an epoxy for instance. Another reason is to 
prevent r^ections back into active devicesjrom a surface of a passive component in the 
package, with a get for instance, whose index of refraction matches that of the passive 
component Jn many optical assemblies, there is no need for encapsulation and so it Ls not 
done. There is no mention of encapsulation in Davis et at (US patent 6^069,905)^ 
Although the medium-matching layer is the first principal invention in this application, its 
usefulness only becomes truly apparent, when an active device is placed In an optical 
assembly and is encapsulated. That is the reason the claims in thus application are structured 
as they are, Sow and why the medium-matching layer docs.what it does was explained in the 
descriptive section of the application and is again explained in the addendum, to this official 
action. 

The second principal invention in this application is the combination of a tuning layer 
and a medium-matching layer in tandem. The mning layer is placed just under the medium- 
matching layer. All the above explanations for the implementation of the medium-matching 
layer alone, apply to the tandem pair verbatim. 

Re (b). The function of the medium-matching layer, in,this application, is to allow-an - 
^ PPtoclectronic device, sucff as a VCSEL, to exhibit the same characteristics, whether it is in 

air, where the ijidex~of refraction, is'approximateiy equal to 1 , or jn another medium, such 
^ ^l^L^i^^^:f ^^^^ index of refiraction is some otheT given value, n„,. How and 

^ - why the medium^riiatcSiSlTayer does this was explained in the descriptive section of the * " ' 
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application and"iJ5iTagain,repeated in the addendum to this response. (Note, that for each 
different value of a different medium-matching layer is needed.) Oneexampleof the - 
-usefnlneSwS and thereby the purpose of this function is better e7(;p]ained with the aid of the 
attached Figure 1. Tlie figure shows two hypothetical L-T (light output, L^ ver^tus bias current,' 
I) curves for a VCSEL. The two curves (solid and dashed, respectively) have different 
threshold currents, Ith (a) and (b), and different slope efficiencies, T|b and ti^. Without a 
medium-matching layer, the same VCSEL will exhibit such twojlifferent H curves, such as 
the dashed when the medium is air, with an index Ho, -1, and such as the solid when the 
medium has an index n^, > 1. On the other hattd, with a mediiiw.-matching layer, the VCSEL 
will have the same L-I curve, i.e. the same Ith ond the same 7J, whether it is in air or the other 
mediuftt That means the VCSEL will have the same L-I curve, once in a package and- ■ - 
encapsulated, as it did at wafer level testing. This can be a huge cost-saving advantage in the 
assembly of VCSEL modules. 

Generally, a VCSEL module must meet certain requirements or specifications. 
Among these, for example, is a specification on the average optical output power, Lave, and 
upon modulation, on either the difference or the ratio of die optical output powers 1U\ and Ljo 
(for a high signal, binaty 1, and a low signal, binary 0, respectively). To achieve such 
specifications the drive circuits. in the module roust deliver a constant bias current, TL^ve, for 
the average power, Uvc, and a modulation current, I^oo. to modulate the VCSEL^etween the 
powers and U^. Foreknowledge, of the VCSEL L-I curve, pnxluces cost-savings in at least 
„ three ways. It allows one to avoidjgckaging unsatisfactory VCSELs, it aUows the use of 
cheaper drive circuits, v^th less range and sophistication, and it simplifies the setting of IL^e 
aiid Jmod. The use of the tandem pair of layers, tuning and medium-matching, gives all the 
above advantages and in addition the possibility of turning thousands of VCSELs, 
simult^eously at wafer level, from unsatisfactory into satisfactory ones, by tuning their L-I 
curves. 

The inventions in Davis et al. (US patent 6,069,905) do not accompljshany of above. 
However, they do accomplish soniethingjitfferent and also vcryjmpoftantrwtiich our • • 
---appJieatidSS^s notraddEgss! Davis provides a feedback loop, which allows a module to 
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automaiically adjust lUvcrso as to maintain the same-Lave- Tbeipurpose$-of the invention$ in _ 
the present application.an^ in-Davis.et al. (US patent 6,069,905) are mutually orthogonal. * • 

For the above reasonsritls'submitted that the cited patent, Davis et al, (US patent 
'"6,069,905)/ contains'noleacFii'ng or suggestion that would render any of the dainns in our 
application as obvious. . 

Withdrawal of the Section 103 rejection in view of Davis et al, and review and 
reconsideration of claims 45-72 is respectfully solicited. 

Claim Rejections under 35 USC §103 (Scott and Swirhunl: 

Claims 45-72 were rejected under 35 USC § 1 03 as being unpatentable over Scott et al 
(USP 6,567,435) in view of Swirhun (USP 5,577,064). 

The US Patent to Scott USP 6,567,435 is claimed as a parent application in the present 
application. The Examiner is invited to refer back to the Aniendment filed February 7, 2003 
in which the Applicant filed a substitute specification identifying the Scott et a! specification 
as a parent application (US Patent Application No. 09/53 1 ,442). The details of the serial 
number of the '435 application ftjed March 20, 2000, were initially omitted from the present 
specification due to proximity of the filing dates. However, these details were later included 
in the substitute specification filed February 7, 2003. 

The first paragraph of the specification has now been amended to update the issued'^ -^^ 
status of the Scott patent. 

Accordingly'th.e rejection of claims 45-72 in view of the Scott reference is beheved to 
be moot in view of the claim of priority. Withdrawal of the rejection and reconsideration of 
claims 45-72 is respeciftjlly solicited. 

Claims 45-72 are thus believed to be in condition for allowance and the application 
now ready for is.sde. 

- r Corresponding action is respectfully solicited. 
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1 _ ; PTO isjauthorized to charge any additional fees incurred as a result of the fi ling^hereof 
~of credit any overpaymentjgpuriaccoiint #02:0900. - ^ \, * - • - 



BARLOW, JOSEPHS & HOLMES, Ltd. 
101 Dyer Street 



5* Hoor 



Providence, RI 02903 
401-273-4446 (tel) " 
401-273-4447 (fax) 
sjh@barjos.com 



Respectfully submitted, 




Stephen J, Holmes 
Reg. No. 34,621. 
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^ ADDEP«)UM"^ _ . 

The claimed inventions in this application addn^s.a.problem that can:-,cceiir in the - • 
- packaging of VCSELs that has not been addressed in the prior art, including Davis et al. (US 
patent 6,069,905). One of the major advantages of_yCSELs as Jasers is the fact that they can 
be tested and characterized on-wafer to determine their suitability for packaging. This can be" 
, ^ a great cost advantage. Unfortunately, some packaging procedures, such as encapsulation, 

necessarily change the device characteristics of typical VCSELs, making it difficult to 
predict the performance of packaged devices from the on-wafer performance. A 
question then arises. Can the devic^ be fabricated in such a way as to make the on-wafer 
performance the same as the packaged performance? This application^presents a' totally not * 
obvious affirmative answer to that question. Surprisingly, the deposition of a pre- 
^ calculated thickness of just one extra layer of optically transparent material, atop the VCSEL, 

can adjust the reflectivity ofth^ top VCSEL mirror, so as to make the on-wafer performance 
the sam,e as the packaged performance, Wc call this Jayer the medium-matching layer. Then, 
a second important question arises. Can the devices be fabricated in such a way as to not only 
make the on-wafer performance the same as the packaged performance, but to make both 
conform to tight predetermined specifications? Once again, this application presents a ' 
totally not obvious afTirmative answer. The deposition of a pre-calctdated thickness of two 
different extra layers of optically transparent materials, atop the VCSEL, can adjust the 
reflectivity of the top VCSELmirror; so as to make the on-wc^er performance the same as tlxe ' 
packaged performxince, with both conforming to Hght predetermined specifications. Below is 
^ a detailed explanation of how thejnedium-matching layer functions and then how that 
medium-matching layer functions with a tuning layer justllnder it, 

VCSEL mirrors are Distributed Bragg Reflectors (DBR's), consisting of alternating 
layei:5 of materials with different indices of.refi^ction, with each layer a' quarter-wave thick:' 
^^^^ interface, where the index changes, partially reflects an incident beam by an amount 
given by the cquati^nTR = (ni - n^J^/ (n, + mf. The quarter-wave thickness of each layer is a 
. . . P'^^'^'^'Rialching thickness, causing all th - 
- interference, maximizing.the-feflectivity for the given "number^of interfaces. The last interface 
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— is between the last nxirrorJayer and the medium into-which the.yC^EL-launchcsilight, whichj 
is usually air with an index of refraction s 1 (it is air during on-wafer-testin*g)...niiS|last^ . 
interface always jpakes^a significant contribution.to the total reflectivity of the top mirror. The 
reflectivity of the last interface depends only on the index of the last mirror layer and on the 
index of the medium, although the medium is not per se apart of the.yCSEL.structure. 11 , 
does not depsnd^n what is beneath the last layer, so for simplicity of discussion one can 

analyze the situation while having no other layers or interfaces* below* the dast interface,* • 

making it the only interface between a substrate (with an index, n^) and a medium (with an 
index, n^) as is shown in Figure Al. If one changes the medium, as one does by 
encapsulating a device, then onejiecessarily changes the reflectivity of the last interface (as is 
shown in Figure Al), and in a VCSEL> one thereby changes the total reflectivity of a top 
mirror and so changes the device performance. This result appears to be inescapable. 

The first primary invention (the medium-matching layer) described in our application, 
and again illustrated in the attached Figure A2, first of all recognizes that the last mirror layer 
(or equivalently the substrate in Figure A2) can be covered by an additional layer to create two 
last interfaces, whose reflectivities need to be analyzed in tandem. The reflectivity of that pair 
of interfaces is a function of the reflectivities of each interface and of the phase angle between- 
them, given by "k*d" (where d is thickness of the additional layer, and k is defined in Figute 
A2). The exact relationship is shown in Figure A3. At first sight, it appears that tliis is no 
solution. As the medium (that is the index of the medium) is changed, aldiough the 
reflectivity of the lower interface does not change, the reflectivity of thellpper interface does 

changc,-and to compensate for thatxhange no as to keep the reflectivity of the tandem the 

same, it appears that one needs to change the phase angle, that is to change the thickness, d, of 
the additional layer, or its index (to change k). The second significant, unexpected insight in 
our application and the'corc of the"ifir5t primary invention, is that for layers with a certain k, 
one can find a thickness, d, and thus a single phase angle "k*d", which yields the same - • 
. reflectivity for the tandei^of mo interfaces, for two differeaVmediums'. Thus,' fbr instance, " 
. such a "medium-matching" layer can yield the same reflectivity whether the.mcdi«m is air, 
with an index, n^ s 1 , or any cncapsulant, with an index Dm- Most'notewTitlty is th'e fact that,^ 
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-in practice, this "medium-matching"' Jayerjc^ be arid^should be deposited during wafer-level^ 
' device fabrication prior to on-wafer testing. Thus, all the devices' on the wafer will already - - 
- have the same characteristics during the on-wafer tCwSting, as they will after they arc packaged 
with an encapsulation. The ^Medium-matching" layer is not deposited or attached duflng 
the packaging procedure because by then it is too late, since the on^tvafer testing was " 
completed beforehand. 

Even though the "medium-matching" layer yields the same reflectivity and thus the 
same performance for a device in two different mediums^ it may not yield the "desired" " 
reflectivity and performance. The second important invention in this application is that a 
tuning layer can be placed between the last mirror layer and the "medium-matching'' layer; 
so as to adjust the reflectivity to a particular value, which remains the same in two different 
mediums. Scott et al (US patent 6,392,256) and a patent appHcation cited* thereixi CTertical ^ 
Cavity Surface Emitting Lasers with Consistent Slope Efficiencies", Application # 
09/237,580) disclose the use of a tuning layer, but only with it alone deposited on the la$t 
layer of the top mirror of a VCSEL, as shown in the attached Figure A4, Since the "medium- 
matching" layer and the tuning layer affect each other and each other's function, it is not 
obvious that they can be effectively combined. Also it is not obvious that their designs need 
to be different when combined than when separately deployed. 
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